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Abstract
SLAC E-158 is an experiment designed to make the first measurement of parity
violation in Møller scattering. E-158 will measure the right-left cross-section asym-
metry, AMøllerLR , in the elastic scattering of a 45-GeV polarized electron beam off
unpolarized electrons in a liquid hydrogen target. E-158 plans to measure the ex-
pected Standard Model asymmetry of ∼ 10−7 to an accuracy of better than 10−8.
To make this measurement, the polarized electron source requires for operation an
intense circularly polarized laser beam and the ability to quickly switch between
right- and left-helicity polarization states with minimal right-left helicity-correlated
asymmetries in the resulting beam parameters (intensity, position, angle, spot size,
and energy), beamALR’s. This laser beam is produced by a unique SLAC-designed
flashlamp-pumped Ti:Sapphire laser and is propagated through a carefully designed
set of polarization optics. We analyze the transport of nearly circularly polarized
light through the optical system and identify several mechanisms that generate
beamALR’s. We show that the dominant effects depend linearly on particular polar-
ization phase shifts in the optical system. We present the laser system design and a
discussion of the suppression and control of beamALR’s. We also present results on
beam performance from engineering and physics runs for E-158.
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1 Introduction
The Stanford Linear Accelerator Center (SLAC) has a distinguished history
of providing polarized electron beams for use in high energy physics exper-
iments, including important tests of the Standard Model of particle physics
and detailed studies of the spin structure of nucleons [?,?,?]. SLAC’s polar-
ized electron source is based on photoemission from a strained GaAs cathode
pumped by an intense, circularly polarized laser beam [?,?]. Two laser sys-
tems exist to pump the cathode: a Nd:YLF-pumped Ti:Sapphire laser (the
“YLF:Ti”) that generates short (2-ns) pulses of electrons for SLAC’s Positron
Electron Project (PEP) rings, and a flashlamp-pumped Ti:Sapphire laser (the
“Flash:Ti”) used to generate 270-ns pulses for use in fixed target experiments
at SLAC’s “End Station A” such as E-158, described briefly below.
E-158 will make the first measurement of parity violation in Møller scattering
by measuring the asymmetry in the cross section for elastic scattering of lon-







where σR (σL) is the cross section for incident right- (left-) helicity electrons
[?,?]. The experiment will make a stringent test of the Standard Model of
particle physics and will also be sensitive to new physics beyond the Standard
Model [?]. The asymmetry will be measured to an accuracy of better than 10−8,
with the expected Standard Model asymmetry being approximately 10−7.
One critical challenge for E-158 is the suppression of helicity-correlated asym-
metries in the parameters of the electron beam when it is incident on the liquid
hydrogen target. Helicity-correlated asymmetries in the electron beam must
be held to very small levels to prevent them from contributing false asymme-
tries to the measurement at a significant level. For instance, because typical
fixed-target scattering cross sections are proportional to sin−4 θ and the de-
tector accepts electrons with scattering angles of 4.5−7.2 mrad, the scattered
flux reaching the detector is strongly dependent on the position and angle of
the beam at the target. If, for example, over the length of the experiment the
average beam position on target for right- and left-helicity pulses is different,
a false asymmetry will be measured that is proportional to the magnitude of
that difference. The Møller physics asymmetry in equation 1 can be expressed
in terms of measured detector and beam quantities. Consider first a single pair
of pulses corresponding to right- and left-helicity beam incident on the E-158
target. For the case of small right-left differences (and neglecting background
contributions), the asymmetry for a single pair APLR can be written as
















where PB is the beam polarization, D ∝ σ is the average detected scattered
flux for right- and left-helicity pulses, I is the beam intensity, E is the beam
energy, the Xi run over position and angle in x and y, and αE and the αi are
correlation coefficients between energy, position, and angle and the detector
signal. These coefficients are measured simultaneously with data-taking. ∆
refers to the right-left difference in each of the above parameters. We use
the symbol beamA˜LR to refer to the contribution to the measured detector
asymmetry arising from helicity-correlated beam asymmetries. We frequently
use the acronym “ beamALR” to refer to a helicity-correlated asymmetry (or
difference) in the intensity, energy, position, angle, or other parameters of the
electron beam. On occasion we use the terms “helicity correlation” or “helicity-
correlated asymmetry” to also refer to these beam asymmetries. E-158 will
accumulate many right-left pairs (∼ 3 ·108) over the length of the physics run.
Taking into account the detector’s nonlinearity (projected to be 0.5 %) and
estimates of the sensitivity of the scattering cross section to energy, position,
and angle (determined by measuring αE and the αi), we estimate that the
intensity asymmetry AI , the energy asymmetry AE, and the position and
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angle differences DX(Y ) and DX′(Y ′) must be held below the following limits:
AI = 〈IR − IL
IR + IL
〉 < 2 · 10−7, AE = 〈ER − EL
ER + EL
〉 < 2 · 10−8, (3)
DX = 〈xR − xL〉 < 10 nm, DX′ = 〈x′R − x′L〉 < 0.4 nrad,
where the angled brackets denote averaging over all pairs. Achieving these
limits will keep contributions to the systematic error on AMøllerLR at the level
of 1 ppb or less from each beamALR and keep the cumulative systematic error
contribution from all beamALR’s at the level of 3 ppb, a level comfortably
below the projected statistical error of 8 ppb. The derivation of these limits is
discussed in more detail in [?,?]. A major focus of the work presented in this
paper is the implementation of a number of methods for controlling beamALR’s
at a level that will allow achieving the requirements of equations 3.
In this paper we describe the Flash:Ti laser and the accompanying optics
system for the polarized electron source. The Flash:Ti system was originally
designed and commissioned in 1993 [?,?] and has seen extensive upgrades
in preparation for E-158. Table 1 summarizes the parameters of the Flash:Ti
laser beam for E-158. Likewise, the polarization and transport optics have also
seen significant upgrades. The focus of these upgrades has been to improve the
suppression and control of beamALR’s. An overview of the polarized source laser
and optics systems as they are configured for E-158 is illustrated in Figure 1.
The laser and optics systems are housed in an environmentally controlled
room outside of the accelerator tunnel. The “Flash:Ti Bench” holds the laser
cavity and pulse-shaping optics. The “Diagnostics Bench” has photodiodes for
monitoring the laser’s intensity and temporal profile and a monochromator for
measuring its wavelength. The “Helicity Control Bench” houses the optics for
controlling the polarization state of the beam and for suppressing beamALR’s. A
20-m Transport Pipe transports the beam into the accelerator tunnel, where it
crosses the “Cathode Diagnostics Bench” and is directed onto the cathode of
the polarized gun. The “Cathode Diagnostics Bench” holds optics for setting
the position of the beam spot on the cathode and an auxiliary diagnostic line.
The photoelectrons emitted by the cathode are bent through 38◦ and enter
the accelerator.
Table 1: Parameters of the Flash:Ti laser beam as it ran
for E-158 2002 Physics Run I. The position jitter at the
photocathode is measured on the electron beam but is
dominated by laser jitter. The other entries are measured
directly on the laser beam.
Wavelength 805 nm ∗
∗ Tunable over 750− 850 nm.
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Fig. 1. An overview of the Polarized Electron Source as it is configured for E-158.
Bandwidth 0.7 nm FWHM
Repetition rate 120 Hz
Pulse length 270 ns †
Pulse energy 60 µJ ‡
Circular polarization 99.8 %
Energy jitter 0.5 % rms
Position jitter at photocathode < 70 µm rms §
The heart of the polarized electron source is its photocathode. A new gradient-
doped strained GaAsP cathode was installed prior to E-158’s 2002 physics
running. This cathode, which is more fully described in [?], was developed in
a R&D project for the Next Linear Collider (NLC) project [?]. NLC requires
roughly 2.5 times more charge than E-158 in a 270-ns pulse and > ∼ 80 %
electron polarization [?]. With the available laser power, this cathode can
yield a charge of 2 · 1012 electrons in 100 ns. This is significantly more charge
than is required by E-158 (and significantly more than yielded by the previous
cathode), providing additional flexibility in optimizing the optics system. In
order to provide an electron beam polarization as high as ∼ 80 %, a strain is
† Tunable over 50− 370 ns.
‡ Typical operating energy. The maximum available energy is 600 µJ in a 370-ns
pulse.










Fig. 2. A diagram of the bandgap and energy levels for strained GaAsP. The arrows
indicate the allowed transitions for right- and left-helicity photons of λ = 805 nm.
Adapted from [?].
applied to the active layer of the cathode to break the degeneracy of the P3/2
energy levels as illustrated in Figure 2. However, the amount of strain varies
in direction with respect to the crystalline lattice. This variation induces a
“QE anisotropy” in the cathode, whereby the quantum efficiency (QE) of the
cathode becomes dependent on the orientation of the linear polarization of
incident laser light, with a typical analyzing power of 5 − 15 % [?]. The QE
anisotropy is a dominant ingredient contributing to beamALR’s and its effects
are discussed in section 4.
The relationship between the helicity of the laser beam and the helicity of
the resulting polarized electron beam can be determined by considering the
bandgap diagram for GaAsP, shown in Figure 2. The laser light pumps elec-
trons from the P3/2 valence band into the S1/2 conduction band. Right-helicity
laser light excites electrons into the mJ = −1/2 state in the conduction band.
Because we operate the cathode in reflection mode (the emitted electrons move
in the direction opposite of the incoming laser light), the extracted electrons
are also right-helicity. Similarly, left-helicity laser light excites electrons into
the mJ = +1/2 state, and in reflection yields left-helicity electrons. In this
paper we define the handedness of the photon and electron beams according
to their helicity [?] as shown in Figure 3. ¶
The operating wavelength and required bandwidth of the Flash:Ti are deter-
mined by the photoemission properties of the cathode. Figure 4 shows, as a
function of wavelength, the cathode QE and the polarization of the photoemit-
ted electrons for the cathode used during E-158 2002 Physics Run I. As shown
in Table 1, we have chosen an operating wavelength of 805 nm in order to sit
at the polarization peak, and the Flash:Ti’s 0.7 nm FWHM bandwidth is nar-
row enough to ensure that all of the laser power is used to generate electrons
at the peak polarization.
A particular focus of this paper is on the parts of the optical system that are
¶ This convention results in right- (left-) helicity photons corresponding to left-










d)  left helicity
   (right-circular)
c)  right helicity
    (left-circular)
a)  right helicity b)  left helicity
Fig. 3. Conventions used for electron beam helicity and laser beam polarization.
a) and b) define right- (left-) helicity photon and electron beams as having the
particle spin aligned (antialigned) with the particle momentum. c) and d) show the





























Fig. 4. Electron polarization and cathode QE as a function of wavelength. This data
is from a different sample of the same GaAsP wafer as the cathode installed prior
to E-158 physics running. Reprinted from [?].
responsible for producing a circularly polarized laser beam and for suppress-
ing and controlling beamALR’s. As is discussed in section 4, a high degree of
circular polarization is critical for minimizing beamALR’s. We use a linear po-
larizer and a pair of Pockels cells on the Helicity Control Bench to gain control
over the laser beam polarization and to switch between helicity states on a
pulse-by-pulse basis. To achieve further suppression of beamALR’s, a number of
features are built into the optical system. These features include
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i) optimization of the beam spot size and waist location at the polarization
Pockels cells;
ii) imaging of the polarization Pockels cells onto the photocathode;
iii) active feedbacks to null AI , DX(Y ), and DX′(Y ′);
iv) an insertable half-wave plate to reverse the laser helicity; and
v) the ability to toggle between two beam expanders which provide a mag-
nification of equal magnitude and opposite sign to reverse certain contri-
butions to DX(Y ) and DX′(Y ′).
This paper includes performance results for the laser and optics system from
three runs: T-437, a test-beam run in November 2000 which commissioned the
polarized source for E-158; an E-158 engineering run in January-May 2001;
and E-158 Physics Run I in April-May 2002. Table 2 summarizes changes in
key parameters of the laser beam between runs. The wavelength was changed
prior to 2002 Physics Run I to accomodate the new cathode. In addition, a
few results are presented from the Gun Test Laboratory, a test facility which
reproduces the first few meters of the beam line.
Table 2
Summary of changes in key operating parameters of the Flash:Ti laser between
E-158-related runs.
Run Laser Rate Wavelength Energy Jitter
T-437 60 Hz 852 nm 1.0 %
2001 Engineering 60 Hz 852 nm 1.5 %
2002 Physics Run I 120 Hz 805 nm 0.5 %
Sections 2 and 3 of this paper discuss the design and implementation of the
Flash:Ti laser system and the accompanying optics system, progressing in se-
quence from the laser cavity to the photocathode. Section 4 discusses how
beamALR’s can arise from interactions between imperfections in the laser circu-
lar polarization and the cathode’s QE anisotropy. Section 5 discusses how the
laser polarization and transport optical systems are configured and optimized
to suppress beamALR’s and presents results from T-437. Finally, section 6 sum-
marizes many effects which can generate beamALR’s and notes their relevance
to the SLAC source and E-158.
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2 The Flash :Ti Laser System
This section discusses the design and operation of the Flash:Ti laser cavity, the
Flash:Ti cooling flow system, the Flash:Ti modulator, the pulse shaping and
intensity control optics, and the laser beam diagnostics. The Flash:Ti laser
was largely designed and built at SLAC and is unique for its low jitter, long
pulse length, and high repetition rate capability. Performance results from the
recent E-158 engineering and physics runs are presented.
2.1 Flash:Ti Laser Cavity
The Flash:Ti pump chamber was designed at SLAC and constructed for us by
Big Sky Laser Technologies. ∗ A schematic of the laser cavity is depicted in
Figure 5. The rod-shaped Ti:Sapphire crystal is pumped by two flashlamps,
each of which is associated with an elliptically shaped reflector. The origi-
nal commercial silver coatings of the reflectors and pump chamber end plates
have been replaced by rhodium. This change substantially increased their me-
chanical and chemical surface durability and eliminated the need to purge the
pump chamber with nitrogen during flashlamp changes or other maintenance
work. The pump chamber parts can be exposed to air while they are handled
without the risk of corrosion. Two cylindrical flashlamps † are used for this
system. The flashlamp tubes have the following specifications: ID 4.8 mm, OD
5.98 mm, 7.6-inch arc length, Ce-doped quartz walls, and 450 Torr Xe filling.
The output of the flashlamps is focused on the center of a 4-mm diameter
0.1%-doped Ti:Sapphire laser rod ‡ of 6.4-inch length. The rod, flashlamps,
and pump chamber are cooled by a closed loop of ultra-pure water. The rod
flow tube § surrounds the laser rod and its material acts as a UV filter to
prevent excessive solarization of the Ti:Sapphire material.
We achieve maximum laser cavity output power while maintaining low pulse-
to-pulse jitter by using a one-meter-long cavity formed by an 85 %-reflectivity
planar output coupler and a 99.9 %-reflectivity end mirror with a 2-m concave
curvature. Both mirrors have narrow-band dielectric coatings centered at the
operating wavelength (800 nm or 850 nm). A single quartz quarter-wave plate
of ∼ 1.3 mm thickness acts as both a Brewster plate and a birefringent tuner.
It is mounted to allow for both horizontal rotation and rotation about the axis
normal to its surface. In the horizontal plane the plate is set to the Brewster
∗ Big Sky Laser Technologies, Bozeman, MT, USA.
† Model L8061E, T J Sales Associates Inc., ILC Technology Inc., Denville, NJ,
USA.
‡ Union Carbide Crystal Products, Washougal, WA, USA.

















F = 500 mm
To Helicity Control Bench
HBS
Monochromator
Diagnostics Bench Flash:Ti Bench
Fig. 5. Schematic of the laser cavity and the optical layout of the Flash:Ti and Diag-
nostics Benches (λ/2: half-wave plate, PD: photodiode, PL: polarizer, PC: Pockels
cell, HBS: holographic beam sampler).
angle of ∼ 57   . The effective refractive index of the quartz plate depends on
the angle between the electric field vector and the optical orientation of the
quartz plate. We achieve birefringent wavelength tuning by rotating the quartz
plate about the axis normal to its surface. This optimizes the transmission for
the desired output wavelength of 805 nm (852 nm for T-437 and the 2001
engineering run) with a bandwidth of ∼ 0.7 nm (FWHM). A half-wave plate
located between the laser head and the Brewster plate compensates for the
arbitrary orientation of the Ti:Sapphire laser rod and thereby guarantees that
p-polarization transmission is maximized through the Brewster plate. Recent
modifications of the laser head assembly procedure allow installation of the
laser rod with control of its crystallographic orientation. This eliminates the
need for the half-wave plate inside the cavity and further improves the perfor-
mance of the cavity stability. Preliminary measurements in our development
laboratory indicate a pulse-to-pulse jitter of ∼ 0.3 % rms. The equivalent
modification of the laser head used at the polarized electron source is planned
for the next E-158 physics run.
2.1.1 Thermal Lensing
Pumping the Ti:Sapphire rod with flashlamps leads to a strong thermal lensing
effect [?]. To investigate the power of the thermal lens for our system, the beam
spot has been analyzed at relevant locations along the beam path under typical
running conditions. A set of measurements is shown in Figure 6. The lengths
of the minor and major axes of the ellipse formed by the laser spot decrease
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Fig. 6. Focusing of the laser beam due to thermal lensing at a laser wavelength of
805 nm and a flashlamp voltage of 8 kV. The dimensions of the laser spot ellipse
are measured at the 1/e2 level.
with distance from the cavity center and increase again after the focal waist
has been reached. The measurements indicate a focus at ∼ 1.1 m from the
center of the cavity. Compared to the curvature of the resonator mirrors, the
thermal lens is the dominating optic. To optimize the laser stability, thermal
lensing has been considered for end mirror selection and mirror spacing.
2.1.2 Flash:Ti Cooling Flow System
The cooling water flow system is a closed loop and can be refilled from on-
site low-conductivity water. Figure 7 shows a schematic of the water flow
system. The system is designed to ensure a constant temperature of 76
 
F and
nearly inert water conditions. The main loop is chilled by a heat exchanger
and operates at a flow rate of 2.5 GPM. Ultra-pure water quality ( > 15 MΩ)
is established by a 1-GPM polishing loop which contains a 0.2 µm particle
filter, a deionization filter, an organic filter, and an oxygen filter. A nitrogen
bubbler significantly reduces the partial pressure of oxygen in the reservoir,
minimizing the amount of oxygen dissolved in the water. This was of particular
importance when the silver-coated reflectors were in use. The cooling water
constantly flows through a 10-µm particle filter and a heat exchanger. Either a
3-ton or a 5-ton chiller can be used to provide cooling for the heat exchanger.
Interlocks are connected to water flow, resistivity, and temperature sensors
mounted near the laser head. The interlocks shut off the laser power supply if
the sensor values move out of tolerance. For flashlamp changes the laser head
can be drained and purged by a separate N2 supply.
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Reservoir
2.5 HP PumpHeat Exchanger
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Fig. 7. Cooling water system components and water flow, including resistivity sen-
sors (©R), temperature sensors (©T), valves (⊗), on-site low conductivity water
(LCW), oxygen removal cartridge (1), activated carbon-organics filter (2), mixed
bed deionizer (3), and submicron filter (4).
2.1.3 Flash:Ti Modulator
The modulator (Figure 8) was designed and built by SLAC personnel and pro-
vides the high voltage pulse needed to fire the flashlamps. A 1.2 µF capacitor
charges from a 10 kV, 8 kJ/s power supply. ¶ Upon ignition of a thyratron, the
capacitor discharges through the two flashlamps in series. This produces an
over-damped electrical pulse whose characteristics are set by the capacitance
of the capacitor and the stray inductance and resistance of the circuit compo-
nents. The pulse has a peak current of 1 kA and a duration of 22 µs. Between
pulses, a current through the flashlamps is maintained by a “simmer” power
supply. ‖ The simmer current reduces the high voltage needed for conduction
in the lamps and thereby extends their lifetime.
2.2 Intensity Control and Pulse Shaping
Immediately following the laser cavity on the Flash:Ti bench in Figure 5 are
optics dedicated to controlling the laser pulse’s energy, length, and temporal
profile. Located between a pair of crossed polarizers, the “SLICE” Pockels cell
¶ CCDS 810TI, Maxwell Technologies, San Diego, CA, USA.
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10 kV, 8 kJ/s
Fig. 8. Schematic circuit diagram of the Flash:Ti power supply.
is used to control the laser pulse’s energy and pulse length. The “start” trigger
for the SLICE Pockels cell is set at the beginning of the low-jitter section of
the laser pulse (see Figure 12b). The duration of the sliced pulse is set by
its “stop” trigger. Typical sliced pulse lengths are 50 − 370 ns. The SLICE
Pockels cell is driven by a commercial high voltage pulser. ∗∗ The amplitude
of the high voltage pulse controls the intensity of the laser pulse. We use the
SLICE amplitude as the control device of a feedback system to stabilize the
intensity of the electron beam. This feedback provides compensation for the
slow decrease in cathode QE during its 3-day cesiation cycle as well as the
slow degradation of the flashlamps’ efficiency during their lifetime. The half-
wave plate located upstream of the SLICE Pockels cell provides a means of
limiting the maximum sliced laser power to a level that is safe for accelerator
operation.
We shape the laser pulse’s temporal profile using a Pockels cell–polarizer pair
(TOPS, TOp-hat Pulse Shaper, shown schematically in Figure 9) installed
downstream of the SLICE Pockels cell. This shaping is used to compensate
for beam loading and to achieve a small energy spread on the electron beam as
described below in section 5.3. TOPS is a SLAC-built pulse-shaping Pockels
cell system driven by a Stanford Research Systems (SRS) DS345 30 MHz syn-
thesized function generator. The SRS DS345 synthesized function generator
has been modified internally. It uses the SLAC 119-MHz source as an oscilla-
tor. Power for the Pockels cell is supplied by a SLAC-built DC power supply.
Control power for the TOPS system is supplied by the TOPS controller unit.















Fig. 9. Schematic of the TOp-hat Pulse Shaper electronics. The TOPS unit is in-
stalled on the Flash:Ti Bench (see Figure 5) and contains the TOPS Pockels cell.
The reference signal, which controls the Pockels cell, comes from the function
generator. The function generator is integrated into the SLAC Control Pro-
gram (SCP) through its GPIB interface. Remote control is achieved via an
EPICS (Experimental Physics and Industrial Control System) user interface.
The function generator allows one to generate an arbitrary waveform in 25-ns
steps. Using TOPS to compensate for beam loading and minimize each pulse’s
energy spread is discussed further in section 5.3.
2.3 Diagnostics
The laser beam is folded at multiple locations using broadband NIR-coated
(near-infrared) high-reflectivity mirrors. We use leakage light through these
mirrors or a sampled beam for diagnostic purposes. We routinely monitor laser
intensity, jitter, wavelength and spot size. The locations of the diagnostics are
shown in Figure 5. One photodiode installed upstream of the pulse-shaping
optics monitors the Flash:Ti laser output (Longpulse PD). A holographic beam
sampler †† downstream of the pulse-shaping optics supplies two one-percent
samples of the laser beam. One sample is used to monitor the intensity of
the sliced pulse (SLICE PD). The second sample is focused onto a scanning
monochromator for wavelength measurements or can be used to image the
beam spot onto a CCD camera.
†† Gentec Electro-Optics, Quebec, QC, Canada.
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2.4 Laser Performance
We summarize below the performance of the upgraded Flash:Ti laser system
during recent running. We briefly review the laser’s performance during T-437
and the 2001 engineering run, and then focus on its performance during 2002
Physics Run I. The performance of the laser system for the earlier runs is more
fully described in [?]. The operating parameters of the laser system for 2002
Physics Run I are summarized above in Table 1.
2.4.1 Flash:Ti Performance During T-437 and the E-158 Engineering Run
T-437 and the E-158 2001 engineering run preceded the Flash:Ti cavity opti-
mization and thermal lensing studies. In addition, the cathode used for those
runs required a wavelength of 852 nm for maximum electron polarization, caus-
ing the laser to operate fairly far from the gain maximum for Ti:Sapphire. We
achieved a laser power of ∼ 20 mJ in a 15-µs laser pulse with the laser cavity
tuned to this wavelength. The SLICE Pockels cell described in section 2.2 was
set to slice a 130-ns pulse (370 ns for T-437) out of the area of highest stability,
resulting in a pulse of 1.5 % rms intensity jitter (1.0 % rms for T-437). The
pulse energy was ∼ 175 µJ for these conditions during the engineering run.
2.4.2 Flash:Ti Performance During E-158 2002 Physics Run I
A number of modifications improved the performance of the laser system for
E-158 2002 Physics Run I. First, the new photocathode requires a laser wave-
length of 805 nm for peak electron polarization. At 805 nm the laser operates
closer to the gain maximum of the Ti:Sapphire laser crystal, yielding a sig-
nificant enhancement of laser performance. Furthermore, the consideration of
thermal lensing described in section 2.1.1 and appropriate end mirror selec-
tion were essential for improved performance. We also began to study the
dependence of energy jitter on the laser power supply high voltage and the
current of the switching thyratron. These were then optimized to minimize the
laser’s energy jitter. As the flashlamps and thyratron age they require small
adjustments of the thyratron reservoir voltage.
Slow drifts in laser power and stability caused by humidity and temperature
variations are minimized by appropriate air conditioning and humidity control.
The temperature and humidity in the laser room are stable at 23.0±0.1   C and
35±1 %, respectively. Figures 10 and 11 show the stability of the temperature
and humidity in the Laser Room which houses the polarized source laser and
optics systems.
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Fig. 10. Temperature stability of the Laser Room housing the polarized source laser
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Fig. 11. Humidity stability of the Laser Room housing the polarized source laser
and optics systems over a one-week time period.
a pulse of 50 − 370 ns with a maximum energy of ∼ 600 µJ per pulse (in
370 ns). During typical physics running, the laser pulse provided ∼ 60 µJ in
270 ns in order to generate an electron beam pulse of ∼ 6 ·1011 electrons/spill.
Figures 12a and 12b show the temporal shape and the stability of the 15-µs
laser pulse for a 100-pulse sample. Also indicated in Figure 12b is the area
of slicing, located at the point in time at which the laser energy jitter is at a
minimum. The spatial profile of the laser beam, measured on the Diagnostics
Bench and shown in Figure 12c, indicates the multimodal structure of the
laser pulse. Multimodal operation of the laser is necessary in order to generate
the 15-µs pulse from which 50 − 370 ns can be sliced with a flat-top profile.
Figure 13 shows the temporal profile of the electron beam at the first fast
toroid following the cathode. Its profile reflects the profile of the sliced laser
beam after it has been shaped by TOPS in order to compensate for beam-
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